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基于半导体 P-N 结的直接能量转换式同位素电池的研究 早始于上个世纪
50 年代。近 10 年来随着 MEMS 技术的快速发展，硅(Si)基、碳化硅(SiC)基、氮
化镓(GaN)基直接转换式微型同位素电池成为 MEMS 微能源领域的研究热点，并
已经取得了初步成果。本文详细介绍了基于大尺寸晶粒多晶硅基 P-N 结微型同位
素电池及 GaN 基 P-N 结和肖特基势垒的微型同位素电池的研制，内容包括辐射
粒子在半导体材料中输运轨迹和能量沉积的蒙特卡罗模拟、电池参数设计及电输
出的理论计算及优化、GaN 材料生长、GaN 基 P-N 结电池器件的实验制备、电
池性能测试与结果分析等。以 63Ni 作为辐射源，结合目前半导体生长掺杂工艺
水平，三种电池 大理论转换效率分别达到 0.9%、2.9%和 2.25%。研制的 2×2 
mm2 的 GaN 基 P-N 结电池在 0.125 mCi/mm2 63Ni 的低放射活度密度辐射下，开

































Semiconductor p-n diodes for directed conversion of nuclear radiation into 
electrical power were first suggested in the 1950s. With the advancement of MEMS 
technology, isotope betavoltaic microbatteries based on silicon (Si), silicon carbide 
(SiC) and gallium nitride (GaN) were getting more and more attractive as the 
micro-energy source for powering MEMS devices in the latest decade, and initial 
results have been achieved. In this work, the design, optimization and fabrication of 
betavoltaic microbattery based on p-n junction using large-grain polysilicon and GaN 
and based on Schottky barrier using GaN are demonstrated in detail, including the 
Monte Carlo simulation of the transport trajectories of incident beta particles in the 
semiconductor target and the energy deposition along the penetration path, the design 
parameters for the cells, the theoretical output and optimization, the growth of GaN 
material, the experimental fabrication of devices based on p-n junction using GaN and 
the performance testing and analysis. Based on the current level of semiconductor 
growth and doping process, the theoretical value of power conversion efficiency are 
0.9%, 2.9% and 2.25%, respectively, while 63Ni is used as the radioactive source. 
Under the 63Ni source effective irradiation with activity density as low as 0.125 
mCi/mm2, the fabricated cell with dimension of 2×2 mm2 exhibits a high open-circuit 
voltage Voc of 1.65 V, a power conversion efficiency of 1.1%. The outputs of the 
microbattery have reached the international advanced level of similar cells based on 
other semiconductor materials. The results suggest GaN is a high potential candidate 
as the energy conversion material for the isotope betavoltaic microbattery. The 
research in our work has great guiding significance for the research in the field of 
betavoltaic microbattery. 
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型化、微型化的革命。表 1.1 所示为部分微型器件对电源的需求[5]。 
表 1.1 部分微器件对电源的应用需求 
应用需求 低功率显示器 嵌入式传感器 遥感阵列 
尺寸 小 小 微 
质量 轻 轻 很轻 
参量 低 低 低 









































































自 Becquerel 于 1896 年 早发现铀矿具有放射性起，将放射性物质衰变辐射
的能量转换为电能就成为研究者们追求的目标，他们先后提出了各种各样的可能
实现衰变能到电能的转换方式，探索各种有效收集衰变能的途径。到目前为止，
研究者们研制的将衰变能转换为电能的转换机制主要有 4 种 [7]：热电转换
(Thermoelectric Conversion) 、 直 接 充 电 (Direct-Charge) 、 直 接 转 换
(Direct-Conversion) 以及间接转换 (Indirect-Conversion)。 




























且热源的温度一般要达到 1500 ℃-2000 ℃，这使得对材料乃至介质性能的要求较
为苛刻，加之技术与结构的要求,通常只能用 Cs 做转换介质。该机制在功率低于
1 mW 时，效率大约为 1%；对于大功率转换装置，其效率为 5%- 20%[10]。 




几何尺寸以及热通量。RTGs 的转换效率实验室 高水平可达 15%，工业化生产
可到 8%-10%[11]，特别适合用于较大功率的电源，已经成为目前现有电池中寿命
长、 为可靠的空间能源。 























Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
